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Introduction
Citrus variegation virus (CVV), a member of subgroup 
2 of Ilarviruses in the family Bromoviridae, is the causal 
agent of infectious variegation, a disease occurring all over 
the world and affecting a wide range of citrus species and 
cultivars. Two strains of the virus have been described on 
the basis of the symptoms they induce on citrus trees in the 
ﬁeld: infectious-variegation strain, and crinkly leaf strain. 
The infectious-variegation strain induces more or less se-
vere chlorotic mottle on the leaves, with or without crinkle. 
The crinkly leaf strain causes distorted, puffed or puckered 
leaf segments but without variegation. Affected leaves may 
increase in size. No speciﬁc CVV vector has been identiﬁed, 
and the only known way of infection or spread is by graft-
inoculation, graft-propagation or mechanical transmis-
sion. The CVV genome consists of three plus-sense RNA 
molecules of 3–4 kb (RNA 1), 2.9 kb (RNA 2) and 2.2 kb 
(RNA 3). RNA 1 and RNA 2 are monocistronic and encode 
non-structural proteins involved in replication. RNA 3 is 
bicistronic with ORF 1 at the 5’proximal end, coding for a 
putative movement protein, and ORF 2 at the 3’distal end, 
coding for the viral coat protein (CP). The CP is translated 
from a subgenomic mRNA (RNA 4) of 0.9 kb, which is 
also encapsidated (Symons, 1985). 
An important contribution to understanding the molecu-
lar variability of CVV was made by Bennani et al. (2002), 
who analyzed the capsid protein sequence of isolates from 
different geographic origins and displaying symptoms of 
infectious variegation or crinkly leaf. They found a relation-
ship between the CP gene and symptom expression, but 
no correlation between amino-acid substitutions and host 
species or geographic origin.
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Summary. Six new sequences of the coat protein (CP) gene of Citrus variegation virus (CVV) isolates, some 
producing crinkly leaf symptoms and some asymptomatic, and collected in Campania (southern Italy), are 
presented. Comparison with previously reported CP gene sequences of isolates from various locations world-
wide confirmed a high degree of coat protein gene conservation in Campania (lowest similarity among all CVV 
sequences 92.4%). No relationship was found between amino-acid substitutions and host species or symptoms. 
Phylogenetic analysis proved that CP sequences from Campania isolates clustered in a new group when com-
pared to those reported in the data bank.
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Results of the molecular characterization of 6 CVV 
isolates collected from different citrus species and cultivars 
growing in areas of Campania (southern Italy) are presented 
in this study. 
Materials and methods
Infected plant material
The 6 CVV sources used in the study were collected in a 
survey during the citrus-growing period (March–June) from 
naturally infected leaves of citrus trees testing positive for 
the virus by the double-antibody sandwich enzyme-linked 
immunosorbent assay (DAS-ELISA), using CVV polyclonal 
antiserum provided by S. Garnsey and M. Hilf (USDA-ARS-
USHRL, Fort Pierce, FL, USA), and by RT-PCR with the 
speciﬁc primers CVVa and CVV4 (Bennani et al., 2002). 
The survey was carried out in 2004 in the major fruit grow-
ing areas of Campania (Damiano et al., 2005). The trees 
examined included three lemon (Citrus limon [L.]) trees, 
‘Ovale di Sorrento’ and ‘Zagara’, two sweet orange trees 
(C. sinensis [L.] Osb) ‘Valencia’ and ‘Moro’, and one sour 
orange tree (C. aurantium [L]). The lemon trees ‘Ovale di 
Sorrento’ showed severe warping, pocketing and crinkling 
on the leaves, and protuberances and bumps on the fruits 
(Figure 1). The remaining trees were symptomless. 
PCR amplification and sequencing of the CP gene
Total RNA was extracted from 100 mg of healthy and 
CVV-infected citrus leaf tissues using Trizol LS reagent 
(Invitrogen Corp., Carlsbad, CA, USA), as described by 
Vives et al. (2002).
To amplify the entire CP gene of all six isolates by 
RT-PCR, the primer CVV-UTR (5’-GGGATGACACTTT-
GACTCGG-3’), complementary to nt 2001 to 2020 of 
the CVV reference sequence (Scott and Ge, 1995), was 
designed and used for the reverse transcription (RT) step. 
The same primer was also used together with primer CVVa 
(Bennani et al., 2002) for RT-PCR ampliﬁcation of a 755 
nt fragment between positions 1266 and 2020 of RNA 3 of 
CVV (Scott and Ge, 1995). This fragment comprised 63 nt 
of the intergenic region upstream of the CP gene, the entire 
CP gene, and 38 nt of 3’UTR. 
For cDNA synthesis, 2 μL of total RNA extract and 
the 0.5 μM primers were denatured for 5 min at 95°C and 
chilled on ice. RT was performed in a total volume of 20 
μL containing
 
0.5 mM of each of the four dNTPs, 300 U 
SuperscriptTM II reverse transcriptase (Invitrogen), 40 U 
Rnase OUTTM recombinant ribonuclease inhibitor (Invit-
rogen), 5 mM DTT and 4 μL ﬁrst strand buffer (250 mM 
Tris-HCl pH 8.3; 375 mM KCl; 15 mM MgCl2). RT was 
carried out in an Eppendorf Mastercycler Gradient. Cycling 
parameters were: 42°C for 1 h, 94°C for 5 min. The PCR 
was performed in a total volume of 50 μL containing 2 μL 
RT product, 2 mM MgCl2, 0.2 mM of each of the dNTPs, 
0.2 μM CVVa, 0.2 μM CVV-UTR, 5 U Taq polymerase 
recombinant (Invitrogen) and 5 μL PCR buffer (200 mM 
Tris-HCl pH 8.4; 500 mM KCl). PCR conditions were: 
pre-incubation 94°C for 2 min, 35 cycles at 94°C for 40 s, 
58°C for 40 s, 72°C for 1 min, and a ﬁnal elongation step 
at 72°C for 10 min.
PCR products of the six isolates were cloned into 
plasmid pGEM-T Easy Vector System I (Promega Corp., 
Madison, WI, USA), following manufacturer’s instructions, 
and ﬁve distinct cDNA clones per PCR product were used 
for sequencing. 
PCR products obtained using the primers CVVa and 
CVV4 were directly sequenced.
Sequencing was performed by the BMR Sequencing 
Service (Padova, Italy). All mutations were individually 
conﬁrmed using the original electrophoregrams.
Sequence analysis
The sequences were compared with the sequences in 
the databanks using BLAST programs (Altshul et al., 1997) 
on the NBCI server (www.ncbi.nlm.nih.gov). Multiple 
alignment of the coat protein gene was performed with 
CLUSTAL W (Thompson, 1994). 
Mean diversities, genetic distances (p-distances cal-
culated on amino-acid or nucleotide identity), and Nei-
Gojobory synonymous/non-synonymous substitution rates 
(Nei and Gojobory, 1986) were calculated using MEGA 
3.1 (Kumar et al., 2004). Phylogenetic trees of the deduced 
amino-acid sequences were constructed by the neighbour-
joining method (Saitou and Nei, 1987) and node values were 
estimated by bootstrap analysis using 1000 replicates.
Results and discussion
PCR ampliﬁcation with the speciﬁc primers (CVVa 
and CVV-UTR) yielded a single DNA fragment of the 
expected size (755 bp) in all isolates analysed (Figure 2). 
Nucleotide sequence alignments of the 5 clones per CVV 
isolate showed very low diversity values ranging from 0 to 
0.3%. In view of these results, the major sequence variant 
of each isolate was used in subsequent analyses (GenBank 
accession numbers: EU650673-EU650678). A compari-
son of these sequences with those obtained using primers 
CVVa/CVV4 showed that the sequences of the overlapping 
segments were substantially identical for each isolate.
The alignment of the CP sequences of the Campania 
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Figure 1. Severe symptoms of crinkling on the leaves, and bumps on the fruits of lemon ‘Ovale di Sorrento’.
Figure 2. Agarose gel electrophoresis of RT-PCR of the coat protein 
from 2 CVV isolates. Lane 1, positive sample; lane 2, Campania 
Zagara; lane 3, Campania Ovale; lane 4, healthy sample; lane 5, no 
DNA; M, 1kb ladder DNA marker. 
isolates together with those available at GenBank showed 
a nucleotide and amino-acid average pairwise divergence 
between isolates of 3.7±0.4% and 3.5±0.6% respectively, 
conﬁrming the low genetic variability of CVV isolates, as 
already reported by Bennani et al. (2002).
Phylogenetic analysis of the nucleotide sequences 
showed that CVV isolates clustered in three groups (Figure 
3), two of which, already described by Bennani et al. (2002), 
including isolates of different geographic origin with symp-
toms of infectious variegation (group A) and crinkly leaf 
(group B). The isolates from Campania clustered in a new 
divergent group (group C) (Figure 3). 
The short stretch of the intergenic region and the 3’ UTR 
analysed appeared to be very conserved in all isolates from 
Campania and was similar to those reported by Scott and 
Ge (1995) (data not shown).    
The alignment of the amino-acid sequences showed 36 
amino-acid (aa) positions, 19 of them parsimony-informative, 
which varied within the 218 aa long protein of the CP gene. 
Most of the differences were due to synonymous substitu-
tions in the C-terminal half of the protein. The N-terminal 
part of the CP, and in particular, the amino-acid residues 
surrounding an arginine, crucial for RNA-binding activity 
in all members of the family Bromoviridae (Yusibov and 
M. Barone et al.
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Figure 3. Neighbour-joining tree of CP nucleotide sequences of CVV isolates. Numbers near nodes indicate bootstrap values. GenBank 
accession numbers are in brackets.  
Loesch-Fries, 1998; Swanson et al., 1998), turned out to be 
very well conserved. In CVV, the crucial arginine is located 
in the QPTARSRQWA at position 37 of the amino-acid 
sequence (Scott and Ge, 1995). Our results conﬁrmed, as 
already reported earlier (Bennani et al., 2002), the very low 
variability of this region since, of all the clones and isolates 
analysed, we found just one clone (Zagara isolate) containing 
a G37 instead of the prevailing R37 (data not shown). 
Analyses of the amino-acid sequences of the Campania 
isolates did not show any correlation between the amino-
acid substitutions and symptom expression. In a previous 
report, Bennani et al. (2002) hypothesised that limited 
changes at the amino-acid level in the CP correlated well 
with symptom types (pathotypes) and identiﬁed at positions 
61 and 137, two amino-acid substitutions, of which M61 and 
V137 were associated with variegation symptoms, and V61 
and A137, with crinkly leaf symptoms.
In these two positions, the Campania isolates exhibited 
not only the amino-acids associated with variegation 
symptoms, but also those inducing crinkly leaf symp-
toms or no symptoms at all. These ﬁndings indicated that 
there is a no strict correlation between the CP gene and 
symptom determination, as previously reported for other 
Ilarviruses (Aparicio et al., 1999; Vaskova et al., 2000). 
At the amino-acid level, isolates from Campania were 
distinguished from the other isolates by four parsimonious 
sites, two of them represented by changes that potentially 
alter amino-acid polarity: H128 instead of Y128, and A184 
instead of T184.
It is concluded that, as evidenced by phylogenetic 
analysis, all Campania isolates so far identiﬁed belong to 
a new population of isolates. This could be explained by 
the introduction into Campania, in the past, of an initial 
CVV isolate in infected propagation material, and by the 
subsequent geographical isolation of citrus within the 
region.
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